INTRODUCTION: Colorectal cancer (CRC) is a major cause of cancer-related morbidity and mortality in the United States.
INTRODUCTION
Colorectal cancer (CRC) is a major cause of cancer-related morbidity and is the second most common cause of cancer-related mortality in the United States (1) (2) (3) (4) . Despite guidelines promoting universal CRC screening, national screening rates remain suboptimal-well under the goal of 80% set by the National Colorectal Cancer Roundtable (5) . Screening programs have effectively improved CRC screening rates and appear to be most effective when they include patient-, provider-, and system-level interventions (6) . Many successful patient-directed interventions involve the use of verbal communication, image, and media; yet, approach and optimal use of communication have not been wellcharacterized in the medical literature.
Behavioral economics and social psychology offer extensive literature on how to build highly persuasive communications (7) (8) (9) (10) (11) (12) (13) (14) . The term choice architecture has been coined to describe the concept that how messages are framed can have a significant impact on the outcome achieved (7, 8) . Effective messaging techniques in a variety of domains have included the use of social norms (9) , default options (10) , outcome framing (11) , implied scarcity (12) , and implied ownership or endowment (13, 14) among others. If effective in changing patient behavior in medical environments, minor changes in messaging techniques potentially represent an inexpensive and easy-to-implement opportunity to modify patient behavior and for quality improvement interventions.
The application of these methods to healthcare and quality improvement has begun to garner attention, including its application to cancer screening (15, 16) . Examples of the successful use of these principles include message framing to increase sunscreen application for skin cancer prevention and automatic defaults to increase organ donations and reduce opiate prescribing (17) (18) (19) . There are very few examples in CRC screening. Opt out has been effective in increasing screening rates when paired with mailed fecal immunochemical testing (FIT) kits (20) ; however, other attempts to incorporate behavioral science principles have been less impactful (21) (22) (23) .
Given the success of behavioral economics and social psychology principles in other medical disciplines and their potential to increase CRC screening uptake without increasing cost, we aimed to incorporate targeted techniques that leverage these behavioral principles to increase participation in a mailed CRC screening outreach program in a large, academic center. We focused on techniques that did not increase cost per patient and that have previously been successful in clinical care. To evaluate the effectiveness of these strategies, we compared the screening outcomes for unscreened patients randomized to either our intervention or to usual care in a quality improvement initiative.
METHODS

Setting and population
University of California, Los Angeles (UCLA) Health is a large, integrated academic medical center with a defined primary care population and robust referral-based care. The primary care population includes over 350,000 patients who receive primary care services from a primary care physician at UCLA. CRC screening is primarily performed in the primary care setting, and patients are screened by one of the several following methods: FIT, colonoscopy, computed tomography (CT) colonography, flexible sigmoidoscopy (FS), or FIT-DNA. For eligible patients, the primary care provider (PCP) will place an electronic request for the desired screening method. When ordered, FIT kits are provided directly to patients by the PCP office staff or the UCLA laboratory and returned in a prepaid and addressed envelope to the UCLA laboratory. When colonoscopy is requested, patients are contacted by schedulers to choose a procedure date. If not reached by phone, schedulers leave a voice message prompting the patient to call back. If a callback is not received, additional efforts include a second phone call and an electronic message to the PCP to rerefer the patient for colonoscopy when appropriate.
In addition to screening initiated by PCPs or their offices at the time of a patient encounter, UCLA Health designed and implemented, in 2015, a FIT Kit mailing program for the managed care primary care population overdue for screening. The intervention included a standard text-based letter describing and offering FIT, colonoscopy, and FS along with a preaddressed PolymedCo OC-Auto FIT-CHEK kit with instructions. The mailing was sent to all managed care patients aged 51-75 years who were overdue for screening according to electronic health record data and consistent with the National Committee for Quality Assurance Healthcare Effectiveness Data and Information Set (HEDIS) specifications (24) .
Subject selection and randomization
With assistance from the UCLA Value Analytics team, we used electronic medical records, billings data, and claims data to identify a cohort of managed care patients due for CRC screening in March 2017. Like the current FIT kit mailing program, we targeted patients within the managed care population aged 51-75 years who were not up-to-date with screening, defined by a lack of FIT in the past year, FS in the past 5 years, colonoscopy in the past 10 years, CT colonography during the previous 5 years, or FIT-DNA test during the previous 3 years. Exclusion criteria included a personal history of CRC and previous total colectomy. Patients also required a valid mailing address to be included.
Randomization took place in May 2017. We used simple randomization with R software (version 3.4.3, 2017) to assign 2,000 subjects to one of the 2 intervention arms: (i) the standard text-based letter to encourage CRC screening participation (usual care group), and (ii) a new letter leveraging social psychology and behavioral economics principles (intervention group).
Intervention
The usual care group received the traditional FIT kit mailing program letter. This letter explains the benefits of screening for CRC and includes a general invitation to participate in screening. The letter is text based without images, offers FIT, colonoscopy, and FS, and provides an opportunity to mail in medical records if screening was performed outside UCLA Health.
Like the usual care group, the intervention group received a letter explaining the benefits of screening and a general invitation to participate in CRC screening; however, multiple messaging techniques from the behavioral science literature were incorporated to increase participation: choice overload, defaults, implied scarcity, psychological ownership, and salient costs and benefits ( Table 1 ). The letter reduced the number of screening options to avoid choice overload and instructed patients to return the FIT within 2 weeks, providing them with a default response. We used implied scarcity by encouraging patients that the receipt of a FIT was a unique opportunity ("you have been selected") and psychological ownership of FIT was encouraged by changing all mentions of "the FIT kit" to "your FIT kit." Finally, the letter framed the salient costs and benefits of screening specifically to the patient (i.e., cost as time to complete the FIT; benefit as longer life) rather than highlighting the more general benefits of early cancer diagnosis from the perspective of the larger U.S. population.
Usual care and intervention mailings included identical FIT kits and details about how to schedule colonoscopy if preferred. FIT kits were accompanied by a one-page handout with simple pictures on how to complete the kit, a prepaid return envelope for the kit, and a one-page form to report non-UCLA screening results. All FIT kit mailers contained a postal label for return to the UCLA clinical laboratory and were processed as per the manufacturer protocol. For positive results, a population health patient coordinator notified the patient's PCP of the result, and the PCP was responsible for generating a referral for diagnostic colonoscopy.
Outcomes and variables
Our primary outcome was CRC screening uptake. We determined the screening uptake for each one-month interval between For each participant, we also extracted demographic data from the electronic health record, including age at time of randomization, sex, race, and ethnicity. We combined the concepts of race and ethnicity into one composite variable called race/ethnicity with 5 mutually exclusive categories: non-Hispanic white (white), non-Hispanic black (black), Hispanic, Asian, other, and unknown.
Statistical analysis
We used frequencies and means to summarize demographic data for the cohort and each quality improvement (QI) arm. We then used the Student's t test and x 2 test to compare continuous and categorical demographic variables, respectively, across QI arms. For the primary outcome, we calculated the overall CRC screening completion rate and for each group at each time interval. We used x 2 tests to compare screening completion rates and uptake of FIT and colonoscopy across arms. A P-value of 0.05 was considered statistically significant. All analyses were performed with Stata/SE version 14.1 (StataCorp LP, College Station, TX). The UCLA institutional review board deemed our work exempt systems improvement consistent with ongoing hospital QI efforts.
RESULTS
Patient characteristics
There were 1,882 patients included in our analyses. We excluded 118 individuals for the following reasons: duplicate patients (n 5 9), patients completed screening in the interval between patient list acquisition and randomization (n 5 84), and patients deceased (n 5 25) ( Figure 1 ). The mean age was 69.3 years, and 41.1% were men. The population was racially/ethnically diverse with 63.1% whites, 5.6% blacks, 8.5% Hispanics, and 6.5% Asians. Baseline characteristics were similar in the 2 groups (Table 2) .
Screening completion
Overall screening uptake was significantly higher in the intervention arm at each time interval (Figure 2 ). At month 1, uptake was 9.9% in the usual care arm and 15.2% in the intervention arm (P , 0.01). At month 6, uptake was 19.5% in the usual care arm and 24.1% in the intervention arm (P 5 0.02). There were no statistically significant differences in uptake by race/ethnicity, sex, or age ( Table 2) .
Screening modalities
Patient participation in FIT was higher than participation in colonoscopy in both arms at each time interval (Figure 3 ). Participation in FIT also was higher in the intervention group than in the usual care group at each time interval (Figure 3) . At 1 month, the FIT screening rate was 9.2% in the usual care group and 14.7% in the intervention group (P , 0.01). Uptake improved in both groups over time; FIT uptake was 16.3% in the usual care group and 22.1% in the intervention group at 6 months (P , 0.01) ( Figure 3) . A higher proportion of individuals chose FIT in the intervention group (91.7%) than in the usual care group (83.6%) (P 5 0.01). There were 15 (9.7%) positive FIT results in the usual care arm, and 3 (20%) underwent subsequent colonoscopy by the end of the study period. There were 10 (4.8%) positive FIT results in the intervention arm; 4 (40%) underwent colonoscopy by the end of the study period.
Participation in colonoscopy was similar in both groups (Figure 3) . At 1 month, the colonoscopy screening rate was 0.7% Choice overload When there are too many options it is more difficult to make a decision in the usual care group vs 0.5% in the intervention group (P 5 0.57). Uptake improved in both groups over time, and the colonoscopy screening rate was 3.2% in the usual care group vs 2.0% in the intervention group at 6 months (P 5 0.10) ( Figure 3 ). No patients underwent screening with FS, CT colonography, or FIT-DNA.
DISCUSSION
We found that the use of behavioral principles aimed to improve patient participation in a mailed CRC screening outreach program led to higher screening uptake than our traditional mailed outreach. Participation in FIT was higher than participation in colonoscopy in both arms, and screening by colonoscopy was similar in the 2 groups. The proportion of patients that choose FIT as a screening modality was higher in the intervention group than in the usual care group. The composition changes to the mailed outreach incorporated several principles from social psychology and behavioral economics literature. Research on default options suggests that individuals are more likely to comply with a standard course of action rather than actively choose from several competing options (25, 26) . Inaction in the face of multiple options is further compounded by choice overload (27), which we minimized in our intervention letter by emphasizing FIT as the default option and offering fewer screening modalities. Procrastination to complete a task is reduced when short time windows are provided as specific deadlines (28, 29) . Other messaging options that prompt faster action are those that make salient the personal costs and benefits of performing the prescribed action, such as highlighting the possible life-saving benefits of completing the preventive measure (30) . Finally, messages that imply that the recipient is special based on the receipt of a scarce item (12) and that reinforce the perceptions of individual ownership and control over that item (14) can increase the perceived value and importance of the request, thus leading to more engagement and responsiveness. Our findings are consistent with previous studies that demonstrate successful application of behavioral science principles to clinical care. The use of defaults has been effective in topics ranging from childhood obesity, opiate prescribing, HIV care, and organ donations (18, 19, (31) (32) (33) . Message framing, or changing the focus of the salient costs and benefits, has shown success in skin cancer, mental health, and breast feeding (17, (34) (35) (36) . Despite the widespread success of these principles in other fields, positive studies in CRC screening are lacking. Defaults have previously been demonstrated to increase the uptake of FIT screening, but not colonoscopy (18) (19) (20) 23) . Other techniques, including active choice and message framing, failed to improve participation in both colonoscopy and FIT (21, 22) . Previous literature has proposed, however, that clear presentation of complex choices may be particularly important in CRC screening (16) . Patients may be less likely to accept a default option of colonoscopy, a complex, invasive procedure involving multiple steps. On the other hand, defaulting to FIT screening, a relatively easy and risk-free test, may lead to an increase in participation. Although it is difficult to say which of the changes we implemented contributed most to the higher screening rate we observed in the intervention group, we hypothesize that the use of defaults, limited time windows, and alternative overload reduction had the largest impact because these changes focused on simplifying the choice of how and when to get screened.
There were several limitations to this intervention. First, it was performed in a single academic healthcare system, which limits the generalizability of our findings. Second, the development of the intervention required input from expert consultants in behavioral science, who might not be universally accessible. However, we feel that the principles applied in our letter construction address challenges that are ubiquitous in screening programs. Third, the response rate to the intervention was modest compared with usual care-a 24% relative increase in screening uptake and 4.6% absolute increase. Nonetheless, this response is higher than uptake with previous iterations of our mailed screening outreach and is consistent with response rates in other mailed outreach programs nationally (6, 37, 38) . The study groups include individuals who are overdue for screening and likely represent a particularly challenging population to screen. Finally, because we incorporated several changes to the mailed letter at once, it is difficult for us to determine the specific changes that led to increased participation in screening.
Despite these challenges, our QI initiative has several strengths. First, it was a randomized intervention, performed on a diverse population of patients already overdue for screening. This patient population tends to be a more challenging group to engage and might benefit most from innovative strategies to encourage screening uptake. Second, it is a low-cost, feasible, and automated intervention that can be adapted and applied in various healthcare settings. Although mailed outreach has become more common in CRC screening programs, there has been little focus on how to best communicate with patients in mailings. Finally, our QI effort demonstrates that FIT participation rates might improve disproportionately with like efforts, which may benefit health systems with a high proportion of patients uninterested in colonoscopy or with limited access to colonoscopy.
In conclusion, our large randomized study in an academic institution demonstrated that small changes in how we communicate screening options with patients in mailed outreach programs have the potential to improve screening uptake. Thus, it may be beneficial to consider behavioral economics and social psychology techniques to optimize mailed outreach for CRC screening. Future QI efforts and studies should incorporate these and other low-cost strategies to increase participation in screening in diverse clinical settings. 3 CRC screening is universally recommended; however, uptake is suboptimal.
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3 Behavioral economics and social psychology interventions have had positive impacts in clinical care but are underexplored for CRC screening.
WHAT IS NEW HERE
3 Application of behavioral economics and social psychology principles to a mailed outreach CRC screening intervention improved screening uptake.
3 The intervention was low-cost, automated, and feasible.
TRANSLATIONAL IMPACT
3 Behavioral economics and social psychology techniques should be incorporated into mailed CRC screening outreach to improve screening uptake.
